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Temperature of R-114 U02F2, HF 
INTRODUCTION
The '00' buildings are expected to collapse (per guidance from structure evaluation) during a seismic event in which acceleration level exceeds 0.15g. All roof beams may slip off supports, and collapse. Equipment may slip off from supports and fall onto the floor. The cell floor is also supposed to collapse due to s t r u c d instability and distomon due to excessive acceleration forces. Following structure collapse, expansion joints in the process piping and joints between the piping and equipment are expected to fail. Preliminary analysis showed that converters are very likely to remain intact. The w 6 gas released from the break will rapidly interact with moisture in the air to produce UO& and HF with exothermic energy released of -0.32 MJkg of m 6 reacted. Depending on the degree of mixing between UF6 gas, its reaction products, air and fieon (R-114), there may occur a strong buoyancy force to disperse UO& aerosol particles that are subjected to the gravitational force for settling. Such a chemical reaction will also occur inside the converters. A substantial amount of w 6 must be stagnated at the bottom of the converters. At the interface between this stagnated m 6 and air, UF6 gas will diffuse into the air, undergo the chemical reaction with moisture there, and eventually be released through the break. Furthermore, lubricant oil fire in the building, if it occurs, will enhance the m 6 release into the atmosphere. The purpose of this study is to evaluate source term (UO& and HF) during such a seismic event. This study takes an approach using multiple steps as follows:
(1) Source term evaluation at the break due to mixing between u F 6 and air along (2) Evaluation of additional source term from the converters in which a substantial (3) Source term evaluation with lubricant oil fire w i t h thermal buoyancy induced by chemical reaction energy, m 6 vapor remains, and
DATA
The amount of w6 initial release into the air at the break is based on a few simple values:
the total m 6 inventory in the '00' buildings minus the amount of m 6 that can be stagnant in the bottom of the on-stream '00' converters. From other work we believe that the ccnverters and process piping will remain largely intact (no mushing) after the building collapse, but the expansion joints and other pipinglequipment connections will fail. The motors and compressors are also expected to stop very rapidly once the building begins to collapse. Since m 6 gas is much denser than air, it will tend to flow to the lowest point in the system. In most of the piping and related equipment, we cannot reasonably expect the u F 6 gas to remain inside the process equipment, as breaks may occur at or very near tlhe lowest points. However, the converters have a significant volume below the level of the m 6 inlet and outlets. m 6 gas is therefore expected to be stagnant in the bottom of the converters.
The total inventory in the '00' process buildings is easily calculated from the building power level. The volume available for pooling is the number of on-stream converters times the pool volume in each converter. The total volume available for stagnation times the density of m 6 gas at process temperatures and atmospheric pressure gives the amount of inventory stagnated in the bottom of the converters. The remaining inventory is assumed to be released into the building immediately when the building collapsed. The m 6 in the converters will react much more slowly, and any release will be limited by the barrier in the converter shell. In addition, sudden changes in gas composition and/or inlet pressure can cause the compressors to surge, in which the pressure ratio is 1 and the flow is near zero. Surging compressors vibrate very severely, and quickly deblade, ending their pumping ability. Therefore, With the exception of u ' F 6 in the tie-lines, no additional amount of w 6 is expected to be released from the tie-line failure.
E-1 14 Coolant
A typical '00' cell has a coolant (R-114) volume of 740 f? (21 m3). Liquid R-114 fdls about 260 f? (7.4 m3), while R-114 vapor fills the remaining 480 f? (13.6 m3). At the power levels we are looking at in the seismic analysis, the coolant temperature is normally around 150 ( 
UF, RELEASE IMMEDIATELY AT THE BREAK
It was assumed that UF, gas is released into the building atmosphere immediately after the pipe breaks following the building collapse due to the seismic event. The released U I : , gas interacts with moisture in the air to form UOP, and HF which disperse into the air.
Method of ADD roach
The MELCOR code was used to evaluate U02F2 and HF dispersion into the air with following assumptions. t J F 6 vapor is assumed to be released quickly (for present study assumed to be over 10 seconds).
tJF6 vapor is assumed to undergo instantaneous reaction with moisture in the air.
The size of mixing volume is assumed to stay constant.
Thermal equilibrium is assumed in the mixing volume.
R-114 liquid is assumed to be stratified at the bottom and not to be availabIe to thermally interact with vapor mixture.
Water from the fire protection system and reactor cooiant system is not considered.
Lubricant oil fire is absent. In the MELCOR model, one mixture volume is assumed to be connected to a large control volume representing the environment. Aerosol particles are assumed to be a log-normal distribution between 0.4 pm and 2.5 pm.
Pesu Its and Discuss ion
The mixing temperature using Eq. (4) are shown in Figures 1 and 2 . Figure 1 U 0 p 2 aerosols and HF vapor will not be confined within the mixing volume, nor limited from volume expansion. As soon as they are generated, they will be exposed to the atmospheric condition for dispersion while they get settled due to the gravitational force.
To obtain an indication of the importance of gravitational settling during the release, the Figure! ; 7 and 8. The settled mass can vary between two curves in the same figures, depending on atmospheric conditions. However, if lubricant oil fire occurs in the building, it is assumed that all of UOp2 and HF are released into the environment immediately. This is because strong turbulence induced by flames must exist to prevent the stagnation of vapor or settlement of aerosol particles on the ground.
UF, RELEASE FROM CONVERTERS
An analysis has been performed to assess the UF6 release from a converter with ruptured nozzles with and without lubricating oil pool fires. During a seismic event, inlet and ouitlet piping of converters may break with the converter itself remaining intact. Since processing lines are operated under atmospheric pressure, little of m 6 gases would be released.
When these pipes are opened to the atmosphere, air will rush in both the inlet and outlet nozzles, bringing the pressure up to 1 atmosphere. U F 6 gas should be stratified withiin the converter bottom, and ovefflow through the break. Consequently, the level of m 6 should be stabilized at the neck of nozzles. The amount of subsequent release is slow because the mass transfer rate of uF6 is determined by a diffusion-controlled process at the interface between the m 6 and the air above it. An exothermic chemical reaction takes place when the diffusing UF, reacts with moisture in air to produce U0p2 aerosols and HF gas, releasing heat of reaction of about 0.32 W/kg of m 6 reacted. During the accident, only HF gas is allowed to release out of converters and UO& aerosols would be trapped within the converters because of their complicated internal structures. The diffusiodreaction process continues until the m 6 gas is depleted.
On the contrary, if the collapse of the buildings causes lubricant oil to bum, a rapid initial m 6 release would occur as a result of the volume expansion, caused by hot flame temperatures. Depending on the degrees of flame temperatures, a significant release of HF can occur initially. After this rapid spill, the release rate will decrease to a much slower diffusion-controlled process.
The objective is to determine the initial rapid HF gas release, the slow diffusion-controlled release, and the release period to depletion of w 6 gas.
Converte r Data
The equipment type of interest consists of 400 A-line cooled size 00 converters with the following physical characteristics: a length of 221 in ( with an average process gas temperature running at 260 9 (400 K).
r h
Since the case without oil burning is a special case, it is necessary only to describe the calculation procedure once. As mentioned, in the presence of lubricant oil burning, the physical process involves two phases: a rapid initial u F 6 release controlled by the flame temperature, followed by a diffusion-controlled slow process. To start calculations, a flame temperature is assigned. Once the oil burning was ignited, it is reasonable to assume the converter is in thermal equilibrium with the flame; specifically, the converter wall temperature, the bulk mixture temperature and the flame temperature are assumed to be the same. When the states of u F 6 are known, the volume expansion can be computed. Based on converter geometry, the amount of UF, being spilled can be estimated from the excess volume. Consequently, the amount of pooled m 6 gas within the converter can be determined.
After this rapid u F 6 spill, the release rate decreases as the diffusion-controlled mass transfer mechanism takes over at the interface between the m 6 pool and the air above it. The rate of mass transfer depends on the mass diffusion in gases, mass transfer coefficients, concentration gradients, and the interface area. In the calculations, all HF gas generated is assumed to escape from nozzles without choking. So long as the process is pseudo steady-state, the time interval for HF depletion can be calculated from information of the pooled inventory and mass transfer rate. In this simplified approach, the release process was assumed to consist of two independent steps.
Step one involved a volume expansion from an initial stage to a final stage while keeping the pressure and mass constant.
Step two involved a release of m 6 gas corresponding to the amount of volume excess.
Initial UF, co nditions;
For n 6 gas pooled inventory per converter,
--59'5891b = 148.9716 (67.57kg) mUF4,rorOr muF6 = total number of converters 400
Pressure inside the converter is assumed to be equilibrated with the outside as atmospheric pressure, and initial process gas temperature (Ti ) is 260 OF. Density of UF6 gas at this thermal condition is to be 0.6 lb/ft3 (9.6 kg/m3). Based on mass inventory and density, the initial volume is calculated as y=-=-= muF6 148'97 248.29fi3 (7.03m3) &JF6
0.6
Final UF, eo nditions;
Assuming that the UF6 is an ideal gas, then under the constant pressure process, the filial volume is calculated by:
where T, is UF, gas temperature after expansion due to temperature increase followed Iby lubricant oil fue. The amount of m6 release (spill) due to volume expansion is given by:
and the pooled UF6 inside the converter is given by:
From the stoichiometric relation, HF mass is related as where MHF = 20 Ib/mole, molecular weight of HF gas, itfuF6 = 352 Ib/mole, molecular weight of UF6 gas, mHF = mass of HF gas (Ib), muF6 = mass of UF6 gas (lb), Ti = initial gas temperature in Rankin, and T, = final gas temperature in Rankin. Vu,, = 27.92 + 6 x 8.7 = 80.12, atomic volume of UF, gas.
Quation (1 1) should be used only as an approximation where experimental data are not available. Note that D -T 3 ' , whereas actually in experimental results D -T2 is usually found. The diffisivity was used to calculate the Schmidt number to be defined latter.
No data on mass transfer exist for this process, but by analogy to heat and momentum1 transfer, the following empirical equations proposed by Chilton and Colbum (Ref. In the calculations using Q. (15), the concentration at the interface was calculated as a function of temperature but the concentration at infinity away from the interface was assumed to be negligible (i.e., C , = 0). In addition, Equations (12) and (13) were combined to calculate h,, which was then used in Eq. (15) for computing mass transfer rate.
-Its and Discuss ion
In the presence of lubricant oil burning, the initial u F 6 gas release is a function of the flame temperature (see Table 1 ). At a flame temperature of 1,700 9 (1,200 K), the volume of m 6 gas is expanded by a factor of 3. Since the initial U F 6 level is assumed to be at the neck of the converter, any excess volume is released to the atmosphere through the breaks.
As a result, two-thirds of m6 is released while one-third is left inside the converter. Also, because pressure is kept constant at the atmospheric pressure during this process, the UF6 density is decreased by a factor of 3. Hence the pooled inventory is one-third of the initial UF6 mass.
In the absence of lubricant oil burning, parameters related to the diffusion-controlled process at the interface are also functions of temperature as shown in Table 2 . Both kinematic viscosity and diffusivity increase with increasing temperature; however, the Schmidt number (defined as the ratio between the kinematic viscosity and the diffusiviity) remains about the same. The Reynolds numbers were calculated using an assumed air velocity of about 3 ft/s (0.91 d s ) and a characteristic length of 105 in (2.667 m) (the longest diameter of the converter). Within the temperature range of interest, the flow was turbulent as indicated by the Reynolds numbers, leading to a, more effective diffusion. The mass transfer rate is a product of mass transfer ( h,) and the concentration at the interface (C,, ), which have compensating effects. Even though the mass transfer coefficient increases slightly with the increasing temperature, but the opposite is true for the concentration at the interface. As a result, the mass transfer Kate at the interface decreases as the temperam rises. The release period to depletion (defined as the ratio between the pooled inventory and the mass transfer rate) did not differ too much for both the absence (9.14 min) and presence (6-7 min) of lubricant oil burning. This is because when the pooled inventory is high at a low temperature, mass transfer becomes more effective.
The release period of residual UF6 is plotted in Figure 9 for several different values of airjLTF, vapor velocity. Certainly, it shows that the release period varies as the vapor velocity changes. However, the period still remains in the same order of magnitude (e:.g., -5 to 10 min at 2,000K)
SUMMARY AND CONCLUSIONS
The '00' buildings are expected to collapse during a seismic event in which acceleration level exceeds 0.15g. A simplistic approach was taken to evaluate source term magnitude followed by a process piping break during such an event. Any w 6 vapor mass is assumed to be released through the break immediately after the pipe break. This UF, vapor mixles with air to form a cloud and chemically react with moisture in the air. A resulting product, UOp2, is subjected to settle down on the ground due to gravity, and to disperse through the air. The magnitude of UO& aerosols to be settled onto the ground was estimated YO be between about 32% (100 kg / 317.6 kg) and 95% (300 kg / 317.6 kg) for a period of l,OOOs, as seen in Figure 7 for 2,200 M W case. For 1,600 MW, Figure 8 shows that about 34% (70 kg / 204.8 kg) to 93% (190 kg / 204.8 kg) of U02F2 aerosols was predicted to be settled over about the same period. However, if a large, fire occurs in the building (possibly induced by lubricant oil fire), aerosols are not possible to settle due to strong 
